This study aimed at the investigation of genotoxic effects of swine effluents from different stages of a treatment system for swine wastes through bioassay of stamen hairs and micronuclei in Tradescantia (clone BNL 4430). No significant differences (pZ0.05) regarding the genic mutations were found in the bioassay of stamen hairs, independently of the effluent analysed. For the genotoxicity test with micronuclei, the plants exposed to raw wastes, to sludge, and to effluent of the biodigester have presented higher rates of chromosomal damages (micronuclei), with significant differences in relation to the control group and other effluent of the waste treatment system (pr0.05). The association between the chemical parameters and the genotoxicity data have shown that the variables COD and TKN have presented significant correlation (pr0.05) with the number of mutagenic events in the tetrads.
INTRODUCTION
Swine production has been considered as an activity of high polluting potential due to the effluent that presents high amount of organic matter, pathogens and heavy metals. The industrialisation of agriculture intensifies this problem since it increases the animal demographic density which in turn increases the generation of animal waste in small areas (Donham 2000) . The management adopted for the wastes in Brazil especially at the south of the country is its application on the soil as organic fertiliser (Perdomo & Lima 1998; Perdomo et al. 2003) .
Mineral additives such as copper and zinc, and biocides as disinfectant, and antibiotics are used intensively in swine production and are mixed in the reception pits and then spread to the soil ); therefore, there is an evident risk of contamination of crops, surface water and groundwater through draining and percolation that could cause deleterious reflexes upon the ecosystem and human health. The accumulation and contamination by heavy metals could cause acute and/or chronic symptoms of toxicity with deleterious effects upon the organisms (Donham 2000; De La Torre et al. 2000) .
Several alternatives for the treatment and value adding of swine wastes, mainly the reduction of their impact on the environment, have been proposed and studied as low cost solutions (Estrada & Hernandez 2002; Perdomo et al. 2003; Rousseu et al. 2008; Kunz et al. 2009 ). One such proposal is the integration of a biodigester to a pond system serially linked for the treatment and adequacy of the exceeding effluent.
The analysis of such a system has shown its ability to increase by 100% the concentration of the vegetal nutrients (NPK/m 3 ) and removal of approximately 99.0% for the organic load (BOD 5 ), 98.5% of the total solubles, 99.9% of thermo-tolerant coliform, 94.0% of nitrogen, and 98.0% of total phosphorus Zanotelli et al. 2002) .
However, in treatment systems of swine wastes, the effluents of each stage present different physicochemical characteristics, which could influence the mobility and availability of the contaminants. Studies concerning the toxic effects of such animal wastes through the estimation of the tendency to which they are subjected due to the bio-accumulation, transformation, inactivation, and transportation processes are extremely important. Thus, characterising the mutagenic properties of the effluent is crucial to complement the chemical and biological analyses and provide evidences of possible genotoxic agents. The detection of the genotoxic activities of such agents may be determined through the test of mutation in Tradescantiaa simple low cost procedure that could provide the results in approximately 15 days -being employed for the in situ or in laboratory monitoring (Ma et al. 1982; Alverez-Moya et al. 2001) . The present study aimed at the assessment of genotoxicity of raw wastes and effluents of a treatment system of swine wastes in clones of Tradescantia.
MATERIAL AND METHODS

Treatment system
The study was carried out at the experimental unit (EU) of Embrapa Swine and Poultry, in Concó rdia, Santa Catarina State, Brazil (27118 0 S, 51159 0 W), and was comprised of the following stages: biodigester, anaerobic pond, facultative pond, maturation pond 1, and maturation pond 2 serially linked in function to the organic load applied. All units are lined with PVC geomembrane and supplied by gravity, excepting the biodigester, which is fed by an electric pump ( Figure 1 ). The EU was fed semi-continuously with effluent (sludge, P1) resulting from the physicochemical process applied to raw swine manure (sludge from settling tank ). The volumetric and hydraulic retention times (HRT) of the systems are presented in Table 1 .
The samples of raw waste, sludge, and effluents of each stage of treatment ( Figure 1 
Genotoxicity tests
The genotoxicity tests were performed with clones BNL 4430 of Tradescantia hybrid (T. subcaulis Bush. x T. hirsutifolia Bush.) donated by the National Commission of Nuclear Energy of Poc¸os de Caldas, Minas Gerais State, Brazil. The clones were propagated and kept in pots in a greenhouse at the Universidade do Contestado -Campus Universitá rio de Concó rdia, Santa Catarina state, Brazil, in environment under controlled conditions (221C during the day and 16-181C during the night, with relative humidity between 65 and 70%, and daily cycle of illumination of 17 h). The substrate used in the pots was an organic compound (Campsulfértils) obtained after several fermentations, followed by sterilisation.
The assessments of genotoxicity were performed through micronucleus bioassay in pollen mother cells (TRAD-MN) and stamen hair (TRAD-SHM) of Tradescantia, according to 
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Figure 1 9 9 9 9 Flowchart of the experimental unit (EU) and the sampling points: P 0 -raw waste;
P1 -sludge; P2 -effluent of the biodigester; P3 -effluent of the anaerobic pond;
P4 -effluent of the facultative pond; P5 -effluent of the maturation pond 1; P6 -effluent of the maturation pond 2. Ichikawa (1992) and Ma et al. (1994) using the raw wastes of swine and the effluents of the EU in the treatments. Distilled water was used for the control group. Those assessments included the analysis of floral structure regarding the mean number of cells/stamen hairs and the mean number of hairs per stamen. The procedures of counting and obtaining micronuclei and determination of mutagenicity of the stamen hairs were performed at the Laboratory of Environmental Analysis (cytogenetics and mutagenicity sector) of the Universidade do Contestado -Campus Universitá rio de Concó rdia, Santa Catarina State, Brazil. The photomicrographs of the pollen mother cells and stamen hairs were obtained using Nikons microscope with CCD Nikons camera.
Statistical analysis
The analysis of variance and the test of Scott Knott (1974) were used for determining the chemical differences between the units of treatment and the bioassay of Tradescantia. The Correlation of Pearson was used for establishing the level of association between the chemical parameters and the mutagenic events, and the simple linear regression was employed for determining the effect of chemical variables upon mutagenic events -both related to the existing contrast of each effluent. The analyses were performed by the software Sisvar 4.1 (Ferreira 2003) and Bioestat 5.0 (Ayres et al. 2007) . The level of significance adopted for the entire statistical test was 95% (p o 0.05).
RESULTS AND DISCUSSION
The analysis of the stamen hairs of plants proved that the mean number of cells/stamen hair (24.41) coincides with the data presented by Ichikawa (1992) . For the mean number of hairs per stamen, the plants analysed in this study presented 36 hairs and the estimation of hairs per flower were 188.53. Regarding this clone, the reports pointed to variations of 40-75 hairs (Ma et al. 1994) , with mean of 53.2 hairs/stamen (Ichikawa 1992) .
No significant difference (pZ0.05) was observed for genic mutation in the bioassay of stamen hairs, independently of the effluent analysed. The control group (pr0.05), nevertheless, has not shown the same results (Table 2, Figure 2 ), which represents a persistent effect of the somatic damage among all stages of the waste treatment system.
Concerning the tests of genotoxicity with the micronuclei (TRAD-MN) , the plants exposed to the raw wastes, to the sludge and to the effluent of the biodigester have presented higher rates of chromosomal damage (presence of micronuclei), with significant differences in relation to the control group and to the other effluents of waste treatment system (pr0.05, Table 3, Figure 2 ).
The analyses of the tetrads allowed us to detect the presence of micronuclei that when passing through the biodigester (P2) show a reduction of approximately 50% of the mutagenic potential of wastes, which suffer a new reduction when passing through the anaerobic pond (P3). The results also show that the mutagenic potential of effluents is no longer altered in the other stages of the system (from P4 to P6) until the final effluent release (pZ0.05, Table 3 ).
The anaerobiosis process that occurs into the biodigester and in the anaerobic pond represents important stages in the treatment system of concentrated effluent and sludge (Bitton 2005) . Reduction of all chemical parameters in such stages (P2 and P3) was observed in the studied system, excepting ammonia (NH 3 -N) ( Table 4) .
The association between the chemical parameters and the data of genotoxicity have shown that only the variables COD and TKN have presented significant correlation (pr0.05) with the number of mutagenic events in the tetrads. No relation (pZ0.05) to the genotoxic effects was evidenced for the other parameters (Table 5) . Among those variables, the COD and the TKN explain, respectively, 74.4% and 53.7% of the total variation of chromosomal mutations expressed by the micronuclei (Table 6) . Somatic damage observed by the formation of micronuclei in Vicia faba was reported in studies of raw wastes after anaerobic treatment. In this work, the damage was associated with the presence of copper and zinc dissolved into the effluents, in a synergic effect in which the zinc potentiates the genotoxicity of the copper by the inhibition of the DNA repair process (Marcato-Romain et al. 2009 ). In aqueous medium with alkaline pH, the association of metals with organic matter, in the wastes, is favoured and may accumulate in sludge, reducing its total concentration in the effluent (Table 4) . However, Lim et al. (1991) , when studying a stabilisation pond system, observed that the percentage of metals in the filterable fraction of effluents increases along the treatment. Thus, the constant genotoxic effect to the somatic tissue of Tradescantia (stamen hairs) may be explained by an increase of bio-availability of the metals copper and zinc, specially favoured after the anaerobic stages of the treatment system (P3) with significant reduction of organic matter of the effluents (Table 4) .
The substances present in the wastes were able to induce germinative and somatic mutations, but with lower effect upon the somatic tissue (stamen hairs). This fact demonstrates higher sensitivity of the test of micronuclei for detecting mutagenicity when compared to the stamen hairs. Previous studies regarding the genome of Tradescantia carried out by Sax & Edmonds (1933) have already shown that the meiotic chromosomes are more susceptible to the breakage than the mitotic ones. The highest sensitivity of the meiocytes is due to lower specificity of the damage necessary to produce micronuclei when compared to the mutation in the stamen hairs. In this case, it is possible to assume that numerous loci in each one of the 12 chromosomes of Tradescantia are subjected to the breakages that would lead to the formation of micronuclei. Oppositely, in stamen hairs, the mutation must occur in a specific locus in a chromosome for producing a pink cell (Ma et al. 1979) .
In a study carried out by Bernal et al. (2002) , polyphenols, ammonia, and organic acids present in the organic matter or as products of the degradation of the organic matter in interaction with heavy metals, pathogens and high electrical conductivity may be responsible for the phytoxicity.
Another explanation for the lower rate of somatic mutation is that cells present a mutation repair system that makes it reversible, after 15 days of exposition. This DNA repair system was already observed by Iravathy Goud et al. (2001), when accessing the chromosomal damage in leukocytes of the photocopier operators. In the study, a significant increase in the mutation rate was observed when the individuals were assessed between 15 and 30 minutes after the beginning of exposition, which decreased gradually after 45 minutes. According to the authors, this increase occurred due to the breakage of one of the DNA strands that was converted while the cells passed through the repair process, indicating the interaction between the complex chemical mixtures and the DNA.
Based on the results found and on swine waste management in the region -its direct employment in the soil as fertilizer (Perdomo et al. 2003 )-we suggest further investigations in detail regarding the contamination risks faced by agriculturists through the contact with liquid effluents or inhalation of aerosols. Studies carried out in the waters in the region of swine rearing point to swine wastes as an important source of pollution in rivers and in rural areas (Seganfredo & Girotto 2004) . Such an issue becomes even more important when analysing the risk areas which are located at the input and output zones of the Aquifer Guarani, an immense underground water reservoir (1.2 million km 2 ), where a population comprised of more than 15 million inhabitants from Brazil, Paraguay, Uruguay and Argentina lives (Seganfredo & Girotto 2002) .
CONCLUSIONS
Based on the results obtained, the mutagenic effect of swine wastes was confirmed with special reference to the sludge, the raw wastes and the effluent of the biodigester. The results confirm the potential risk that the organisms are exposed to, especially by the cumulative effect upon the trophic chain.
The waste treatment system in ponds has shown efficiency in the removal of certain pollutants and reduction of the genotoxic effects.
Considering that the test used has indicated the presence of substance (in the wastes) able to cause genetic damage, it is strongly recommended to carry out further in vivo and in vitro studies with other models and physicochemical analyses in detail for identifying the compounds responsible for the genotoxic action.
Based on the analyses performed, the clone BNL 4430 of
